The rapid emergence of resistance bacteria toward various antibiotics may associate with higher medical cost and increase mortality rate. Hoya diversifolia was used to cure skin diseases and alleviate rheumatism pain. The aim of this study is to evaluate in vitro antibacterial properties of H. diversifolia ethanolicleaves extract against several Gram positive and Gram negative bacteria. The antibacterial study was determined based on pattern of inhibition zones using disc diffusion assay and also minimal inhibitory concentration (MIC). It is shown that the extract can inhibit the growth of methicillin-resistant Staphylococcus aureus,Escherichia coliandBacillus cereus.The lowest MIC values of extract were 25 mg/mL for MRSA and E. coli as well as 100 mg/mL for B. cereus at 24 and 48 hours of incubation period. The plant had potential to act as antibacterial agent that can be applied in pharmaceutical and cosmetic fields.
The utilization of plants as traditional medicines has been recognized a long ago to cure various diseases and infections. It is estimated that about 100,000 plant species have been proved for their medicinal values. In 2007, WHO stated that 25% of available drugs are originated from plants used in folk medicine since the plantderived compounds show satisfying tolerance and acceptance among patients and turn into a reliable source of antimicrobial compounds. 1 From 1981 to 2006 , there are about 69% of 109 new antibacterial drugs are derived from natural products. 2 Antimicrobial resistance led to global medical burden due to the current and potential impact on worldwide population health as the rate of mortality is increasing throughout the years 3 . Furthermore, 39% of all resistant infections were originatedfrom genetically mutated bacteria that are refused to last-line antibiotics, making them very challenging or impossible to treat. 4 The degree of antibiotic-resistant infections is strongly connected to the person's intolerance towards the antibiotic consumption. Ultimately, bacteria being able to inherit multiple resistance traits after a series of genetic mutation and becomesstronger resistance to the multiple classes of antibiotics. 5 Hoya diversifolia is widespread in the areas of Indonesia, Malaysia, Thailand, Cambodia and Vietnam. The fleshy leaves produce white latex which is rich in triterpenyl cinnamate components. 6 The tubular flowers with 5 lobes and tabular stigma appear as round or ball-like shaped. 7 It is applied to relieve from the pain of rheumatism and as anti-nematodal agent against Bursaphelenchus xylophilus.
8 In addition, this plant has also been used to cure skin diseases such as eczema, abscess, acne, boils, scabies, itch, infections, dermatitis, rash, sores, scar and warts. 9 The present study was carried out to determine the antibacterial activity of the ethanolic leaves extract of H. diversifolia against methicillin-resistant Staphylococcus aureus (MRSA), Escherichia coli(E. coli) andBacillus cereus (B. cereus).
Materials and Methods

Materials
Vancomycin antibiotic discs (30 µg; BD, USA); gentamicin antibiotic discs (10 µg; Oxoid, UK); ampicillin antibiotic discs (Oxoid, UK) and vancomycin antibiotic discs (Oxoid, UK); 96% ethanol (Merck, Germany); Columbia horse blood agar plates (Oxoid, UK); brain heart infusion (Oxoid, UK); Mueller-Hinton broth (Oxoid, UK); Mueller-Hinton agar (Oxoid, UK).
Collection of plant specimen and preparation of extract
Fresh H. diversifolia leaves were collected from Herbarium of Rimba Ilmu, Institute of Science Biology, University of Malaya, Kuala Lumpur. The leaves were washed using distilled water and dried in oven at 50°C for five days. The dried leaves were grinded using electrical blender. Hundred grams of the powdered leaves were soaked in 500mL of 96% ethanol in conical flask for 3 days. After 3 days, the mixture was filtered using a fine muslin cloth and followed by filter paper (Whatman No. 1). The filtrate was evaporated under reduced pressure in Eyela rotary evaporator(Sigma-Aldrich, USA).The ready crude extract was kept in -20°C freezes until use.
Bacterial culture
Three different species of bacteria were used in this study includes Escherichia coli ATCC25922, Bacillus cereus ATCC11778 and methicillin-resistant Staphylococcus aureus (MRSA). All bacteria were cultured and sub cultured again for purity on Columbia horse blood agar plates. The bacteria isolates were then maintained in brain heart infusion (BHI) agar slants at 4ºC. antibacterial activity by disc diffusion assay
The Kirby-Bauer disc diffusion assay were carried out based on recommendations given by the Clinical Laboratory Standard Institute (CLSI). 10, 11 20 µL of different extract concentrations (200, 150, 100 and 50 mg/mL) were impregnated into 6 mm in diameter sterile, blank discs. Ethanolloaded discs were then used as negative control. All discs were ensured to fully dried before being applied on the bacterial lawn. The positive controls are Gentamicin antibiotic disc (10 µg; Oxoid, UK) for B. cereus; ampicillin antibiotic disc for E. coli; vancomycin antibiotic disc for MRSA.The bacterial turbidity was adjusted with spectrophotometer to within an absorbance range of 0.8 to 0.13 at 625 nm with sterile broth, which equivalent to a 0.5 McFarland standard with a cell count of approximately 1.5 x 10 8 CFU/mL. 11 The inoculums were used within 15 minutes of standardization as delays may change the inoculums size.The standardized bacterial inoculums were streaked over the entire surface of 90 mm Mueller-Hinton agar plate with sterile cotton swab three times, rotating the agar plate about 60 degree each time to ensure that the entire agar surface was covered with the inoculums. The inoculated plates were left with the lids ajar to allow excess moisture to dry for several minutes. The antibiotic discs were applied to the agar using sterile forceps and were pressed gently to ensure uniform contact. The discs were placed 6 discs per plate (positive and negative control disc included) equidistantly to avoid the overlapping of zones of inhibition. The plates were incubated in inverted position at 37ºC overnight. Zones of inhibition were observed visually the next day. If present, their diameters were measured to the nearest whole millimeter with a ruler against a dark, non-reflective background. The assay was carried out in triplicates and the mean diameters of zone were calculated. determination of minimum inhibitory concentration (MiC) at 24 and 48 hours of bacterial incubation
Plates showing zones of inhibition from the disc diffusion assay were further tested to determine MIC values by broth macrodilution method as according to recommendations by CLSI. 10, 11 For ethanolic extract, 400 mg of extract was dissolved in 2 mL of sterile Mueller-Hinton broth (MHB) rather than the original solvent to obtain final concentration of 200 mg/mL. The stock solutions prepared (400 mg
8 CFU/mL). The suspension was diluted 1:100 with sterile broth to obtain a cell count of approximately 10 6 CFU/mL. Then 0.5 mL of standardized bacterial suspension was added to the tubes containing the previously prepared 0.5 mL of diluted extract, thus resulting in a recommended final cell count of about 5 x 10 5 CFU/mL. A tube containing inoculated broth and extract solvent (sterile MHB) but without the leaf extract was served as the positive control. A tube containing broth alone (non-inoculated) and extract solvent was served as the negative control. All tubes were incubated overnight at 37ºC.The turbidity of the solution in each tube was observed the next day for indication of bacterial growth. The lowest concentration of extract dilution showing no visible growth (clear) was recorded as the MIC value. The tubes were further incubated for another 24 hours and were observed after 48 hours incubation for the absence or growth of bacteria (cloudy). The MIC value after 48 hours was recorded. MIC is defined as the lowest concentration where no visible turbidity is observed in the test tube.
statistical analysis
The results were expressed as mean ± SEM. Statistical analysis of the data were carried out using Student's t-test and the results were considered significant as p<0.05.
results and disCussion
Three different species of Gram positive and Gram negative bacteria were selected in this study includes E. coliATCC25922, B. cereus ATCC11778 and methicillin-resistant S. aureus (MRSA).Ethanolic crude extract of H. diversifolia leaves showed antibacterial effect against all tested strains such as MRSA, E. coli and B. cereus with average inhibition zones based on concentrations of extract (Figure 1) . The crude extract exhibited strong antibacterial activity against MRSA with the average inhibition zones from 11.83 to 14 mm. Lower antibacterial activity of the crude extract was indicated against E. coli with the average inhibition zones is 8 mm. It is suggested that antibacterial activity is rely on concentration of extract as increase the concentration of extract will increase the antibacterial activity ( Table 1) . The negative control showed no zones of inhibition and all positive controls against respective bacteria showed inhibition zones within susceptible range.
H. diversifolia crude leaves extract showed antibacterial activity against MRSA, E. coli and B. cereus. MRSA and E. coli is main causal agent of serious skin and mucosal surface infection. Furthermore, MRSA is responsible for hospital-acquired infections. 13 B. cereus is the most frequent agent of food poisoning outbreaks which can produce toxins that cause either emetic or diarrheal syndromes.
14 Our study found that average inhibition zones up to 14 mm could be seen in the MRSA growth plate as the strongest inhibition than E. coli and B. cereus.
Sensitivity of test strains was observed in decreasing order: MRSA >B. cereus>E. coli. H. diversifolia crude leaves extract exhibited moderate antimicrobial activity against MRSA but least sensitive to E. coli as due to the composition variations in the outer membrane of cell wall. The outer membrane of cell wall in Gram negative bacteria is composed of lipopolysaccharide which play a role as a barrier to many substances including antibiotics. 15 Moreover, the metabolism, nature and resistance to antibiotics may lead to non-susceptible of Gram negative bacteria towards crude leaves extract. 13 This extract might have different modes of action on growth inhibitions of tested bacterial strains that gave different sensitivity.
The lowest MIC value was 25 mg/mL against MRSA and E. coli whereas MIC value for B. cereus was 100 mg/mL. At this MIC point, this plant extract being able to work as bacteriostatic agent that can slow or stop the bacterial growth, mainly by interuption on protein synthesis. Ultimately, this mechanism can allow immune system to easily eradicate infectious agents from the host body. 16 Study reported by Rahayu, Saputra and Setiawan (2017) stated that the same genus of Hoya which known as Hoya carnosa leaves showed strong inhibition activity against S. aureus and P. aeruginosa. 17 Moreover, Hoya parasitica extract also showed antibacterial activity towards S. aureus, E. coli, Proteus spp, Hafnia spp., Enterococci spp., and Shigella spp. 18 It is believed that Hoya species have potent antibacterial properties although there are no reported much on the biological activity of this species. It is assumed that high level of the MIC's of the extract may correlated with some antagonistic agents that promote the growth of bacteria, therefore high amount of extract are required to inhibit the bacterial growth. 12 Ethanol was chosen as a good solvent because of the stronger capacity of ethanol to extract out more active compounds from plant. At the same time, the ethanol extraction can enhance the presence of saponins, alkaloids, tannins and anthraquinones in the extracts. 19 It is reported that H. diversifolia contains 81.7% triterpene cinnamates and 11.1% free trepenoids. 20 Additionally, the leaves of H. diversifolia contain squalene, â-sitosterol, â-amyrin cinnamate and a mixture of á-amyrin, â-amyrin, and lupeol in a 4:2:1 ratio and saturated hydrocarbons. 21 It is needed to perform the bioautography of H. diversifolia crude leaves extract in order to identify the specific antibacterial active compound (s);unfortunately, we were unable to provide the data due to limited facilities and equipment.
